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Abstract

In a survey of xylarialean fungi in northern Iran, some specimens attributable to the genus Nemania were
collected, cultured and sequenced. Morphological evidence and phylogenetic analyses of a combined
ITS, LSU, RPB2 and TUBZ2 gene dataset confirmed the presence of Nemania diffusa and N. serpens in
Iran for the first time. Furthermore, the new species V. hyrcana, which shows similarities to N. subaenea
and its putative synonym N. plumbea, but significantly differs from the latter in its DNA sequences, was
encountered. All species are illustrated, described and discussed. In the phylogenetic analyses, for the first
time, the overlooked ex-type ITS sequences of the neotype of the generic type, N. serpens and that of the
holotype of N. prava, were added to a multi-gene matrix of Nemania. This revealed that the two accessions
of N. serpens (HAST 235 and CBS 679.86), for which multigene data are available in GenBank, are misi-
dentified, while the Iranian accession of N. serpens has an almost identical ITS sequence to the neotype,
confirming its morphological species identification. The two previously accepted species of Euepixylon,
E. udum and E. sphaeriostomum, are embedded within Nemania and are revealed as close relatives of

N. serpens, supporting the inclusion of Euepixylon in Nemania.
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Introduction

The genus Nemania S. F. Gray was established by Gray (1821) and has always been
considered to belong to the family Xylariaceae Tul. & C. Tul., even though its species
were placed in Hypoxylon for some time, according to the generic concepts established
by Miller (1961) and other authors. The reason for this was that Nemania species su-
perficially resemble those of Hypoxylon in having effused-pulvinate stromata on dead
wood. Gray (1821) had used a somewhat ill-defined concept for this genus, which
was resolved by Donk (1964) who selected Sphaeria serpens as the type of the genus.
Later, Pouzar (1985a, 1985b) emended Nemania and separated the genus from Hypox-
ylon according to morphological characters and Petrini and Rogers (1986) confirmed
this by studies on the cultures, pointing out the geniculosporium-like anamorph of
Nemania species (vs. the nodulisporium-like anamorphs that are typical for Hypoxylon
s. str.). The anamorph genus Geniculosporium had even eventually been erected, based
on the conidial state of “Hypoxylon” (i.e. Nemania) serpens by Chesters and Greenhalgh
(1964). This holomorphic concept has meanwhile been supported by molecular phylo-
genetic studies (e.g. Hsieh et al. 2010) that clearly revealed close affinities of Nemania
to Xylaria and other genera with geniculosporium-like anamorphs. The most impor-
tant monographs on the genus by Granmo et al. (1999) and Ju and Rogers (2002),
however, still relied on morphological characters and many of the 37 taxa that were
recognised by these authors have not yet been characterised by DNA sequence data.

Nemania is characterised by carbonaceous, superficial, multiperitheciate, effused-
pulvinate stromata with papillate ostioles and variable presence of soft, whitish, brown-
ish, grey or yellow internal tissue. Stromata do not release pigments in 10% potassium
hydroxide (KOH). Asci are cylindrical, short or long stipitate, persistent, with an apical
apparatus of various shapes, amyloid (like N. diffusa) or inamyloid (like V. serpens) in
Melzer’s iodine reagent. Ascospores are pale brown to dark brown or blackish-brown,
ellipsoidal, cylindrical or fusoid, inequilateral, slightly inequilateral or nearly equilateral,
with acute, narrowly rounded or broadly rounded ends, with a straight, conspicuous or
inconspicuous germ slit of spore length to much less than spore-length. It has geniculo-
sporium-like anamorphs (Ju and Rogers 2002; Fournier et al. 2018).

During our survey of Xylariales specimens in northern Iran, three Nemania taxa
were recorded. Species were identified, based on morphological and molecular phy-
logenetic analyses. As a result, a new species and records of two further species are
reported from Iran, for which detailed morphological descriptions, illustrations and
phylogenetic information are here provided.

Materials and methods

Morphological observation

The fungal specimens were collected in northern Iran (Guilan, Mazandaran and
Golestan Provinces). For light microscopy, fresh collections, single ascospore isolations



Nemania (Xylariaceae) in Iran 83

and cultures were examined for macro- and micromorphological characteristics, ac-
cording to Ju and Rogers (2002) and Pourmoghaddam et al. (2018). Dried specimens
were deposited in the University of Guilan Mycological Herbarium (GUM). Living
cultures were deposited in the culture collection MUCL (Louvain la-Neuve, Belgium)

and in the Iranian Fungal Culture Collection, Iranian Research Institute of Plant Pro-
tection, Tehran, Iran (IRAN).

DNA extraction, PCR and sequencing

DNA extraction of fresh cultures and amplification of the ITS (nuc rDNA internal
transcribed spacer region containing ITS1-5.8S-ITS2), LSU (5' 1200 bp of the large
subunit nuc 28S rDNA), RPB2 (partial second largest subunit of the DNA-directed
RNA polymerase II) and 7UB2 (partial B-tubulin) loci were carried out as described
by Wendt et al. (2018).

Phylogenetic analyses

Published sequences of a single accession for each Nemania species served as basis for
the sequence matrix. Information on all used strains, their corresponding sequences
and GenBank accession numbers can be found in Table 1. In addition to the sequences
retrieved from GenBank, ITS sequences of the holotype of N. prava and of the neotype
of N. serpens were manually transcribed from the ITS alignment published as colour
figure appendix 3 in Granmo et al. (1999), because these sequences have not been
deposited in a public sequence repository. In addition, to have the ITS sequences of
Granmo et al. (1999) available for further studies, the transcribed ex-type sequences
were also submitted to GenBank (ex-neotype sequence of N. colliculosa: OP289676,
ex-holotype sequence of N. prava: OP289674, ex-neotype sequence of N. serpens:
OP289675). To reveal the phylogenetic position of the Iranian Nemania accessions,
the newly-generated sequences were aligned with the GenBank sequences. All align-
ments were produced with the server versions of MAFFT v. 7.490 (www.ebi.ac.uk/
Tools/mafft or http://mafft.cbre.jp/alignment/server/; Katoh et al. 2019) and checked
and refined using BioEdit v. 7.0.4.1 (Hall 1999).

For the phylogenetic analyses, 90 accessions of 86 species of Xylariaceae and four
outgroup taxa from Graphostromataceae (Biscogniauxia nummularia, Graphostroma
platystomum) and Hypoxylaceae (Hypoxylon fragiforme, H. howeanum) were included.
We also included the newly-sequenced LSU, RPB2 and TUB2 loci of the Iranian col-
lections of Kretzschmaria hedjaroudei MUCL 57706) and K. deusta (MUCL 57705);
for details on those accessions, see Pourmoghaddam et al. (2018). The sequence ma-
trices of ITS, LSU, RPB2 and TUB2 were combined; after exclusion of ambiguously
aligned and gappy regions, the resulting combined data matrix contained 4616 align-
ment positions from four loci (543 from ITS, 1275 from LSU, 1191 from RPB2 and
1607 from TUB2).

Maximum Likelihood (ML) analyses were performed with RAxXML (Stamatakis
2006) as implemented in raxmlGUI 1.3 (Silvestro and Michalak 2012) using the
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ML + rapid bootstrap setting and the GTRGAMMA substitution model with 1000
bootstrap replicates.

Maximum Parsimony (MP) analyses were performed with PAUP v. 4.0a169 (Swof-
ford 2002). All molecular characters were unordered and given equal weight; analyses
were performed with gaps treated as missing data; the COLLAPSE command was set
to MINBRLEN. MP analysis of the combined multilocus matrix was done using 1000
replicates of heuristic search with random addition of sequences and subsequent TBR
branch swapping (MULTREES option in effect, steepest descent option not in effect).
Bootstrap analyses with 1000 replicates were performed in the same way, but using 10
rounds of random sequence addition and subsequent branch swapping during each
bootstrap replicate. Bootstrap values < 70% are considered low, between 70 and 90%
intermediate and > 90% high.

Results

Molecular phylogeny

Of the 4616 characters of the combined matrix, 1884 were parsimony informative
(284 in ITS, 142 in LSU, 613 in RPB2 and 845 in TUB2). The phylogram of the
best ML tree (InL = - 88,062.86006) obtained by RAXML is shown as Fig. 1. The MP
analysis revealed two trees of length 20,490 (not shown) that had a similar topology
to the ML tree. The phylogenies reveal a monophyletic clade of Nemania (including
Euepixylon), like in previous studies (Wendt et al. 2018; Pi et al. 2021; Samarakoon et
al. 2022; Voglmayr et al. 2022). Within Xylariaceae, the Nemania clade is most closely
related to the genera Coniolariella, Dematophora, Entoleuca and Rosellinia.

The genus Nemania (including Euepixylon) receives high ML (99%), but low MP
(55%) support and contains three highly-supported subclades (N1-N3 in Fig. 1). The
ML and MP analyses reveal the same topologies within Nemania, except for minor
differences (not shown). As these differences are not relevant within the context of our
study, they are not further considered here.

The new Nemania species clustered together with V. plumbea (JE TH-04-01) with
maximum ML and MP BS support, which is a sister group to N. delonicis, also with
maximum ML and MP BS support (Fig. 1). The ITS sequence of the Iranian collection
of V. serpens is almost identical to the ex-neotype sequence from V. serpens (TROM 174)
from Granmo et al. (1999) and they clustered together with maximum ML BS support.
The N. serpens clade has a sister group relationship with V. changningensis with maxi-
mum ML BS support. However, another isolate deposited as N. serpens (HAST 235) is
not contained within the V. serpens clade, but remotely placed as sister species to V. ches-
tersii, indicating a misidentification. The ex-holotype ITS sequence of N. prava (TROM
104) from Granmo et al. (1999) was almost identical to V. serpens (CBS 679.86) and
both cluster together with maximum BS support; the latter was re-identified and given
in the phylogenetic tree (Fig. 1) as V. prava (see discussion for details). Remarkably, the
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Figure I. Phylogram of the best ML trees (InL = -88,062.86006) revealed by RAxML from an analysis
of the combined ITS-LSU-RPB2-TUB2 matrix of selected Xylariaceae. Strains in bold were sequenced in
the current study; for strains marked with an asterisk (*), ITS sequences were transcribed from Appendix
3 of Granmo et al. (1999). ML and MP bootstrap support above 50% are given at the first and second

positions, respectively, above or below the branches.

two previously accepted species of Euepixylon, the European E. udum and the North
American E. sphaeriostomum, are placed within Nemania subclade N1, but are not re-
vealed as closest relatives (Fig. 1), supporting their classification within Nemania.
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Taxonomy

Nemania hyrcana Pourmoghaddam, Voglmayr & Khodaparast, sp. nov.
MycoBank No: 845436
Figs 2, 3

Holotype. IraN, Guilan Province, Astara County, Darband Forest, 38°21'26"N,
48°50'19"E, 17 m elev., on fallen branch of Parrotia persica, 7 October 2017, leg. M.].
Pourmoghaddam (GUM 1628; living culture MUCL 57704).

Etymology. The epithet is derived from “Hyrcania”, an ancient biogeographical
region, located in the south of the Caspian Sea where the specimens were collected.

Diagnosis. differs from Nemania subaenea by its smaller ascospores [12-16 x 4.5—
6 vs. 14-17.5 x 6=7.5 pm].

Teleomorph. Stromata superficial, effused-pulvinate, up to 2.5 cm long, 0.2
1.4 cm wide, sessile, attachment to substrate with narrow connective; surface brown,
dark brown, dark grey with a slightly shiny metallic tone, with conspicuous perithecial
mounds; carbonaceous tissue immediately beneath the surface and between the peri-
thecia; tissue beneath the perithecial layer conspicuous. Perithecia obovoid to spherical,
0.5-0.7 mm high x 0.4-0.6 mm wide; ostioles papillate to coarsely papillate. Asci cy-
lindrical, with amyloid, urn-shaped apical apparatus, 3.5—4 um high x 2.5-3 pm wide,
stipe up to 130 pm long, spore-bearing part 60—-85 x 8—12 um. Ascospores smooth,
unicellular, pale brown to brown, ellipsoid, inequilateral, with narrowly rounded ends,
12-16 x 4.5—-6 pum, with straight germ slit much less than spore-length on dorsal side;
perispore indehiscent in 10% KOH.

Cultures and anamorph. Colonies on OA covering a 9 cm Petri dish in 2 wk, at
first white, becoming buff (45), felty, azonate; finally, attaining cream to grey after 50
days. Anamorph geniculosporium-like. Conidiophores variables in length, hyaline to
light brown. Conidiogenous cells up to 50 x 2.5-3.5 pm, hyaline to light brown. Co-
nidia hyaline, ellipsoid with truncate base, 3.5-6 x 2.5-3.5 pm (Fig. 3).

Other specimen examined. Iran, Golestan Province, Aliabad-e-Katul County,
Kaboudwall Forest, 36°52'25"N, 54°53'14"E, 1076 m elev., on dead branches (host
unknown), 10 November 2017, leg. M.J. Pourmoghaddam (GUM 1627; living cul-
ture MUCL 57703, IRAN 3734C).

Notes. This species resembles Nemania subaenea (Fig. 4), which was erected based
on a single specimen from Guyana by Ju and Rogers (2002). Later, Fournier et al.
(2018) reported it from Martinique and also mentioned V. plumbea, another single-
specimen-based species from Thailand (Tang et al. 2007), which differs from V. subae-
nea only in the stromatal surface colour and in having slightly smaller ascospores (Tang
et al. 2007). However, neither Ju and Rogers (2002) nor Fournier et al. (2018), who
proposed that N. plumbea should be regarded as a synonym of N. subaenea, studied
the cultures and anamorph of the neotropical species. The type of N. plumbea, on the
other hand, was cultured and DNA sequences are available for comparison with the
Iranian species. A comparison of these sequence data revealed significant differences
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Figure 2. Nemania hyrcana (Holotype GUM 1628) A, B close-up view of stromatal surface C close-up

view of stromatal surface showing ostioles D, E stroma in horizontal section showing perithecia F mature
ascus in water with long stipe G immature ascus in water H mature ascus in water | mature ascus in
Melzer’s reagent } immature and mature ascospores in water K=M ascospores in water showing straight
germ slit much less than spore-length. Scale bars: 2 mm (A); 0.8 mm (B); 0.5 mm (C, E); 0.4 mm (D);
20 pm (F=0); 10 pm (J-M).
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Figure 3. Culture and anamorphic structures of Nemania hyrcana (MUCL 57704) on OA A, B surface of
colony after (A) 7 and (B) 50 days of incubation € conidia D—F general view of anamorph structure, co-
nidiophores, conidiogenous cells and mature conidia of V. hyrcana. Scale bars: 10 pm (C); 20 pm (D-F).

between the two Iranian strains of V. hyrcana (MUCL 57703/ MUCL 57704) and the
ex-type strain of V. plumbea (29/31 bp differences of 494 nucleotide characters in the
ITS: 19/20 substitutions, 10/11 indels; 2 bp differences of 764 nucleotide characters
in the LSU: 2 substitutions; 27 bp differences of 884 nucleotide characters in the
RPB2: 28/27 substitutions; and 319/321 bp differences of 1422 nucleotide characters
in the 7UB2: 279/282 substitutions, 40/39 indels). This supports the erection of a
new species for the Iranian fungus, for which multiple specimens and two cultures are
available. Even if V. plumbea is not regarded as a synonym of N. subaenea, it should be
kept in mind that both taxa are derived from tropical areas that are far away from Iran.
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A MYCOLOGICAL HERBARIUY

Department of Plant Pathology, W,
lame_eMania subaenea Y

eshington State University

Figure 4. Nemania subaenea (isotype) A herbarium label B close-up view of stromatal surface € close-up
view of stromatal surface showing ostioles D, E stroma in horizontal section showing perithecia F imma-
ture ascus in water G ascus apical plug in Melzer’s reagent H immature and mature ascospores in water |
ascospore in water showing straight germ slit much less than spore-length. Scale bars: 2 mm (B); 0.8 mm

(€); 1 mm (D); 0.5 mm (E); 20 pm (F); 10 pm (G-1).
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Nemania serpens (Pers.) Gray, Nat. Arr. Brit. Pl. (London) 1: 516 (1821).
Figs 5, 6

Teleomorph. Stromata superficial, effused-pulvinate, up to 4 cm long x 0.2—
1.2 cm wide, sessile, attachment to substrate with strong connective; surface dark
brown to black, with conspicuous perithecial mounds, carbonaceous immediately
beneath surface; tissue between and beneath perithecia black to dark brown. Peri-
thecia obovoid, 0.35-0.65 mm high x 0.25-0.4 mm wide, ostioles papillate to
coarsely papillate. Asci cylindrical, stipe up to 130 um long, spore-bearing part
55-70 x 7-9 um, apical apparatus not bluing in Melzer’s reagent, dextrinoid (=
red to red brown) in Lugol’s solution. Ascospores smooth, unicellular, pale brown
to brown, ellipsoid, inequilateral, with narrowly or broadly rounded ends, 10—
14 x 4-5(—6) pm, with straight germ slit much less than spore-length; perispore
indehiscent in 10% KOH.

Cultures and anamorph. Colonies on OA covering a 9 cm Petri dish in 18
days, at first white becoming Vinaceous (57), felty, azonate; finally, attaining Am-
ber (47) to Honey (64) after 50 days. Anamorph geniculosporium-like. Conid-
iophores variables in length, hyaline to light brown. Conidiogenous cells up to
60 x 2.5-3.2 pm, hyaline to light brown. Conidia hyaline, ellipsoid with truncate
base, 3—4.8 x 2-3.5 um (Fig. 6).

Specimens examined. [RaN, Mazandaran Province, Ramsar County, Safarud Forest,
36°53'49"N, 50°3529"E, 815 m elev., on fallen branch of Parrotia persica, 29 Octo-
ber 2016, leg. M.J. Pourmoghaddam (GUM 1625; living culture MUCL 57702, IRAN
3735C); Guilan Province, Astara County, 38°23'04"N, 48°51'45.10"E, 1 m elev., on fall-
en branch of Parrotia persica, 22 October 2021, leg. M.]. Pourmoghaddam (GUM 1903).

Notes. Nemania serpens is a very common fungus in Europe (Petrini and Rogers
1986; http://pyrenomycetes.free.fr/, accessed 8 Aug 2022). In combination with pale
olive brown ascospores with broadly rounded ends and with a short inconspicuous
germ slit, N. serpens is characterised by a dextrinoid reaction of the ascal apical ap-
paratus in Lugol’s solution, while it does not react in Melzer’s reagent, which is an
exceptional combination within Nemania (Granmo et al. 1999; http://pyrenomycetes.
free.fr/, accessed 8 Aug 2022). Most of the characters of the Iranian specimens are
in accordance with the neotype specimen (Fig. 7; Ju and Rogers 2002), aside from
insignificant variations in the size of ascospores. We studied the neotype material and
did not observe a conspicuous ascal apical apparatus as described by Ju and Rogers
(2002). Morphological species identification of the Iranian specimens is corroborated
by the ITS sequence data, as the Iranian and the ex-neotype sequence of V. serpens are
almost identical (3 substitutions, 3 gaps). Finally, we would like to mention that, for
the neotype specimen, Daranagama et al. (2018) erroneously described the ascal api-
cal apparatus as bluing (I+) in Melzer’s reagent, while their fig. 7h clearly shows a not
bluing (I-) ascal apical apparatus.


http://pyrenomycetes.free.fr/
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Figure 5. Nemania serpens (GUM 1625) A, B close-up view of stroma surface € close-up view of
stroma surface showing ostioles D stroma in vertical section showing perithecia E, F mature asci in water
G mature ascus in Melzer’s reagent, showing the inamyloid (not bluing) ascal apical apparatus H, I mature
ascus in Lugol’s solution, showing the dextrinoid (= red to red brown) ascal apical apparatus J ascospore
in water K ascospores in water showing straight germ slit much less than spore-length. Scale bars: 3 mm

(A); 1 mm (B); 0.6 mm (C); 0.5 mm (D); 20 pm (E=I); 10 um (J, K).
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Figure 6. Culture and anamorphic structures of Nemania serpens MUCL 57702) on OA A, B surface of
colony after (A) 7 and (B) 50 days of incubation of N. serpens C conidia of N. serpens D, E general view
of anamorph structure, conidiophores, conidiogenous cells and mature conidia of V. serpens. Scale bars:

10 pm (C); 20 um (D, E).

Nemania diffusa (Sowerby) S.F. Gray, Nat. Arr. Brit. Pl. (London) 1: 517 (1821).
Fig. 8

Teleomorph. Stromata superficial, effused-pulvinate, discoid, up to 2 cm long x 0.3—
1.5 cm wide, sessile, attachment to substrate with narrow connective; surface dark
brown to blackish-brown, with inconspicuous perithecial mounds, carbonaceous im-
mediately beneath surface; tissue between and beneath perithecia black to dark brown.
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Perithecia obovoid to cylindrical, 0.5-0.8 mm high x 0.3-0.5 mm wide. Ostioles
papillate to coarsely papillate. Asci cylindrical, with amyloid, urn-shaped apical ap-
paratus, 2—-3 pm high x 1.5-2 pm wide, stipe up to 100 pm long, spore-bearing part
70-80 x 7—-10 um. Ascospores smooth, unicellular, brown to dark brown, ellipsoid,

Nemania serpens (Pors.: Fr) Gray
NORWAY: VEST-AGDER: LINDESNES

— T o

Nemania serpens (Pers.: Fr.) Gray
NORWAY: VEST-AGDER: LINDESNES

Figure 7. Nemania serpens (neotype) A herbarium label B stromata on wood C, D close-up view of
stroma surface E close-up view of stroma surface showing ostioles F, G mature ascus in water H mature
ascus in Melzer’s reagent, showing the inamyloid (not bluing) ascal apical apparatus I ascospores in water
showing straight germ slit much less than spore-length J, K ascospores in water. Scale bars: 3 mm (C);
1 mm (D); 0.5 mm (E); 20 pm (F=H); 10 pm (I-K).
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Figure 8. Nemania diffusa (GUM 1626) A stromatal habit B close-up view of stromatal surface
C, D close-up view of stroma surface showing ostioles E mature ascus in water F, G mature asci in Melzer’s
reagent showing the amyloid (bluing) ascal apical apparatus H ascospore showing straight germ slit. Scale

bars: 3 mm (B); 1.5 mm (C); 0.8 mm (D); 20 pm (E-G); 10 pm (H).

inequilateral, with narrowly rounded ends, 9.5-13(~14) x 4.5-6.5 um, with straight

germ slit spore-length on flattened side; perispore indehiscent in 10% KOH.
Specimen examined. Iran, Guilan Province, Rezvanshahr County, 37°37'52"N,

40°02'18"E, 7 m elev., on fallen branch of Quercus castaneifolia, 6 October 2016, leg.
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M.]. Pourmoghaddam (GUM 1626), ITS and LSU sequences GenBank OP352258
and OP352270, respectively.

Notes. Nemania diffusa, originally described from England (Sowerby 1803), is a
widespread and fairly common species in Europe (Fournier et al. 2018). It has also
been reported from North and South America (Petrini and Rogers 1986), Papua-New
Guinea (Van der Gucht 1995) and Taiwan (Ju and Rogers 1999), but it has yet to be
proven whether all these morphologically identified accessions are conspecific with the
European ones. The Iranian specimen is in accordance with previous descriptions by Ju
and Rogers (2002). It can be differentiated from N. albocincta by its larger ascospores
[9.5-13.5 x (4.5-)5-6 vs. 8-10 x 4—5 pm], which are also more equilateral. Nema-
nia obscura also differs from it in stromatal features and smaller, strongly inequilateral
ascospores (8.2-9.4 x 4.5-5.3 um) with subacute ends. Despite several attempts, we
could not achieve a living culture. Therefore, to confirm our morphological species
identification, we extracted DNA from stromata and performed PCR (ITS/LSU) and
sequencing according to Pourmoghaddam et al. (2018). The I'TS sequence of the Irani-
an collection (OP352258) is completely identical to numerous sequences of European
accessions of N. diffisa, some of which are morphologically well-documented to repre-
sent the species (e.g. MW489542 from Switzerland; Senn-Irlet et al. 2021), confirm-
ing the species identification. However, as RPB2 and 7UB2 could not be obtained, the
Iranian accession of V. diffusa was not added to the phylogenetic multi-locus analyses.

Discussion

In this study, we examined the phylogenetic relationships of our fresh collections with
all species of Nemania for which multigene sequence data are available. We have per-
formed a multigene analysis using ITS, LSU, RPB2 and TUB2 sequence data to de-
termine the phylogenetic placement of these species. Nemania (including Euepixylon)
clearly forms a monophyletic clade in the phylogenetic analysis which has been placed
in Xylariaceae for a long time (Hyde et al. 2020). The results of our phylogenetic analy-
ses agree well with those of Pi et al. (2021), their clade N6 corresponding to our clade
N1, their clade N5 to our clade N2 and their clades N1—4 to our clade N3.
Remarkably, in the phylogenetic analyses, the two previously-accepted species of
Euepixylon are not only contained within Nemania, but also do not form a monophyl-
etic lineage, yet they are members of the same Nemania subclade 1 (N1; Fig. 1). Stroma
morphology and the anamorph of Euepixylon matches Nemania, the main distinguishing
feature being poroid (Euepixylon) vs. straight, conspicuous or inconspicuous germ slits
of variable length (Nemania; Lessee and Spooner 1993, Granmo et al. 1999). When re-
establishing the genus Euepixylon, already Lessee and Spooner (1993) doubted whether
the genus will survive in the long run. Considering the results of the phylogenetic analy-
ses, germ site morphology is clearly not a good character to separate Euepixylon from Ne-
mania and the former genus should be considered as a synonym of the latter, which has
already been implemented by for example, Pi et al. (2021) and Voglmayr et al. (2022)


http://www.ncbi.nlm.nih.gov/nuccore/OP352258
http://www.ncbi.nlm.nih.gov/nuccore/OP352270
http://www.ncbi.nlm.nih.gov/nuccore/OP352258
http://www.ncbi.nlm.nih.gov/nuccore/MW489542
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and which we, therefore, also adopt here. Synonymy of both genera is further supported
by the fact that the type species of Euepixylon (E. udum), as well as Nemania (N. serpens),
are revealed to be closely related within the Nemania subclade 1 (N1).

Most Nemania species are morphologically highly similar, which makes species
delimitation and identification based on morphology alone difficult and confusing
(Granmo et al. 1999; Ju and Rogers 2002; Fournier et al. 2018). Recently, much
progress in reliable species identification has been achieved by DNA sequence data,
particularly protein-coding genes such as RPB2 or TUB2, which have superior resolu-
tion compared to I'TS or LSU (Liicking et al. 2020; Stadler et al. 2020). However, an
obstacle for an improved species delimitation and classification is the lack of sequences
of type material or well-identified reference specimens in GenBank, which is particu-
larly important for morphologically difficult and complex lineages. Nemania serpens,
the type species of the genus, is a good example of these problems. Until the present
study, no verified sequence data were available in GenBank for V. serpens and the vari-
ous accessions deposited under this name do not form a monophylum in phylogenetic
analyses (data not shown). However, it has been widely ignored that Granmo et al.
(1999), who neotypified V. serpens with a recent Norwegian collection (TROM 174),
also generated and published an ITS sequence of their neotype. The reason for disre-
garding this ex-neotype ITS sequence in subsequent studies lies the fact that Granmo
etal. (1999) published their sequences in their Appendix 3, a colour figure of the I'TS
alignment they used for their phylogenetic analyses, but they did not deposit them in
a public sequence repository. The ITS sequences of Granmo et al. (1999) can, there-
fore, only be added to a sequence matrix if they are transcribed from this colour figure
alignment, which we have done here. The addition of the ex-neotype ITS sequence of
N. serpens from Granmo et al. (1999) to our sequence matrix revealed a high similarity
to our Iranian isolate that was identified as /V. serpens by morphological comparison
with the neotype specimen. The phylogenetic analyses also revealed that another isolate
(HAST 235), commonly included as V. serpens in phylogenies, is not closely related
to the neotype, but forms a highly-supported clade with another species, V. chestersii,
which indicates that HAST 235 does not represent V. serpens, but is misidentified.

A further example for incorrectly labelled sequences that could be clarified by inclusion
of the ITS sequences of Granmo et al. (1999) refers to CBS 679.86, another accession er-
roneously deposited as V. serpens in GenBank. In the phylogenetic analyses, the accession
CBS 679.86 has an ITS sequence almost identical to that of the ex-holotype sequence of
N. prava from Granmo et al. (1999). However, this becomes conclusive considering that
culture CBS 679.86 represents an ex-paratype culture of Hypoxylon atropurpureum var. bre-
vistipitatum (Petrini and Rogers 1986), a synonym of Nemania prava (Granmo etal. 1999).
Granmo et al. (1999) confirmed this synonymy by revealing identical ITS sequences for
the holotype of N. prava, the holotype of Hypoxylon atropurpureum var. brevistipitatum and
another paratype of the latter. It remains yet unclear why the sequences of culture CBS
679.86 have been deposited as V. serpens in GenBank. These exemplary cases once again
demonstrate that species names of GenBank sequences, as well as the sources of the se-
quence data, need to be critically evaluated, in particular in taxonomically difficult groups.
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Stromata of Nemania are highly carbonised and do not contain large amounts of
secondary metabolites, as is the case in other phylogenetically closely-related genera,
such as Dematophora and Rosellinia. Only small amounts of xylaral (in N. diffusa;
Stadler et al. 2008) and BNT (in young Nemania specimens; Stadler and Hellwig
2005) have so far been detected.

Since the cultures of Xylariaceae are, in general, rich in production of secondary
metabolites (Helaly et al. 2018; Becker and Stadler 2021), further analysis of Nemania
species may be useful for a better taxonomic classification in the future. Chestersiene
and furanone production have so far been described as characteristic metabolites, de-
limiting Nemania from Hypoxylon (Whalley and Edwards 1995). Even though this
work was based on strains that are apparently not deposited in public collections, the
respective compounds have, indeed, not been found in any other fungal genus. The
lack of extant cultures for many described xylariaceous species, including for example,
Rosellinia and Dematophora (cf. Wittstein et al. 2020), precludes comprehensive chem-
otaxonomic studies in the family. Recent progress in the generation of high-quality
genome sequences could also enable the search for possible discriminatory biosynthetic
gene clusters, as presence or absence of a cluster can serve as a predictor of the taxo-
nomic relationship, which might be an option for future comprehensive sequencing
campaigns (Wibberg et al. 2021; Kuhnert et al. 2021).

Xylariaceae is one of the most important ascomycete families found in the north of
Iran which has regions with subtropical climates and houses numerous species. Until
recently, studies on species biodiversity of Xylariaceae focused on the genera Xylaria
(Hashemi et al. 2014, 2015), Kretzschmaria (Pourmoghaddam et al. 2018) and Ro-
sellinia (Pourmoghaddam et al. 2022), which we here extend to the genus Nemania.

Acknowledgements

This work was supported by a grant from the Iran National Science Foundation (INSF)
No. 99027605 to Mohammad Javad Pourmoghaddam. Christopher Lambert is grate-
ful for a Ph.D. stipend from the Life Science Foundation, Braunschweig, Germany.
This work also benefitted from the sharing of expertise within the DFG priority pro-
gramme “Taxon-Omics: New Approaches for Discovering and Naming Biodiversity”
(SPP 1991) funded by the Deutsche Forschungsgemeinschaft. Furthermore, we also
gratefully acknowledge support from the curators of the Herbaria WSP and TROM
who provided isotype and neotype specimens for the present study and to W. Till
(WU) who managed the herbarium loans.

References

Ariyawansa HA, Hyde KD, Jayasiri SC, Buyck B, Chethana KWT, Dai DQ, Dai YC, Daranaga-
ma DA, Jayawardena RS, Liicking R, Ghobad-Nejhad M, Niskanen T, Thambugala KM,
Voigt K, Zhao RL, Li GJ, Doilom M, Boonmee S, Yang ZL, Cai Q, Cui YY, Bahkali AH,



Nemania (Xylariaceae) in Iran 101

Chen J, Cui BK, Chen JJ, Dayarathne MC, Dissanayake AJ, Ekanayaka AH, Hashimoto
A, Hongsanan S, Jones EBG, Larsson E, Li W], Li QR, Liu JK, Luo ZL, Maharachchi-
kumbura SSN, Mapook A, McKenzie EHC, Norphanphoun C, Konta S, Pang KL, Perera
RH, Phookamsak R, Phukhamsakda C, Pinruan U, Randrianjohany E, Singtripop C,
Tanaka K, Tian CM, Tibpromma S, Abdel-Wahab MA, Wanasinghe DN, Wijayawardene
NN, Zhang JF, Zhang H, Abdel-Aziz FA, Wedin M, Westberg M, Ammirati JF, Bulgakov
TS, Lima DX, Callaghan TM, Callac B, Chang CH, Coca LE, Dal-Forno M, Dollhofer V,
Fliegerovd K, Greiner K, Griffith GW, Ho HM, Hofstetter V, Jeewon R, Kang JC, Wen TC,
Kirk PM, Kytévuori I, Lawrey JD, Xing J, Li H, Liu ZY, Liu XZ, Liimatainen K, Lumbsch
HT, Matsumura M, Moncada B, Nuankaew S, Parnmen S, Santiago ALCMA, Sommai S,
Song Y, Souza CAF, Souza-Motta CM, Su HY, Suetrong S, Wang Y, Wei SE Wen TC, Yuan
HS, Zhou LW, Réblové M, Fournier J, Camporesi E, Luangsa-ard JJ, Tasanathai K, Khon-
sanit A, Thanakitpipattana D, Somrithipol S, Diederich B, Millanes AM, Common RS,
Stadler M, Yan JY, Li XH, Lee HW, Nguyen T'T'T, Lee HB, Battistin E, Marsico O, Vizzini
A, Vila ], Ercole E, Eberhardt U, Simonini G, Wen HA, Chen XH, Miettinen O, Spirin
V (2015) Fungal diversity notes 111-252—taxonomic and phylogenetic contributions to
fungal taxa. Fungal Diversity 75(1): 27-274. https://doi.org/10.1007/s13225-015-0346-5

Becker K, Stadler M (2021) Recent progress in biodiversity research on the Xylariales and their
secondary metabolism. The Journal of Antibiotics 74(1): 1-23. https://doi.org/10.1038/
s41429-020-00376-0

Bitzer ], Lassge T, Fournier ], Kummer V, Decock C, Tichy HV, Piepenbring M, Per$oh D,
Stadler M (2008) Affinities of Phylacia and the daldinoid Xylariaceae, inferred from chem-
otypes of cultures and ribosomal DNA sequences. Mycological Research 112(2): 251-270.
https://doi.org/10.1016/j.mycres.2007.07.004

Chesters CGC, Greenhalgh GN (1964) Geniculosporium serpens gen. et sp. nov., the imperfect
state of Hypoxylon serpens. Transactions of the British Mycological Society 47(3): 393—401.
https://doi.org/10.1016/S0007-1536(64)80012-7

Daranagama DA, Camporesi E, Tian Q, Liu X, Chamyuang S, Stadler M, Hyde KD (2015)
Anthostomella is polyphyletic comprising several genera in Xylariaceae. Fungal Diversity
73(1): 203-238. https://doi.org/10.1007/s13225-015-0329-6

Daranagama DA, Hyde KD, Sir EB, Thambugala KM, Tian Q, Samarakoon MC, McKenzie
EHC, Jayasiri SC, Tibpromma S, Bhat JD, Liu XZ, Stadler M (2018) Towards a natural
classification and backbone tree for Graphostromataceae, Hypoxylaceae, Lopadostoma-
taceae and Xylariaceae. Fungal Diversity 88(1): 1-165. https://doi.org/10.1007/s13225-
017-0388-y

Donk MA (1964) Pyrenomycetes. Nomina conservanda proposita. Regnum Vegetabile 34:
16-31.

Fournier J, Flessa E PerSoh D, Stadler M (2011) Three new Xylaria species from southwestern
Europe. Mycological Progress 10(1): 33—52. https://doi.org/10.1007/s11557-010-0671-8

Fournier J, Lechat C, Courtecuisse R (2018) The genera Krezzschmariella and Nemania (Xylari-
aceae) in Guadeloupe and Martinique (French West Indies). Ascomycete.Org : Revue Inter-
nationale pour la Taxinomie des Ascomycota 10: 1-47. https://doi.org/10.25664/art-0226

Granmo A, Laessge T, Schumacher T (1999) The genus Nemania s.l. (Xylariaceae) in Norden.
Sommerfeltia 27(1): 1-96. https://doi.org/10.2478/som-1999-0002


https://doi.org/10.1007/s13225-015-0346-5
https://doi.org/10.1038/s41429-020-00376-0
https://doi.org/10.1038/s41429-020-00376-0
https://doi.org/10.1016/j.mycres.2007.07.004
https://doi.org/10.1016/S0007-1536(64)80012-7
https://doi.org/10.1007/s13225-015-0329-6
https://doi.org/10.1007/s13225-017-0388-y
https://doi.org/10.1007/s13225-017-0388-y
https://doi.org/10.1007/s11557-010-0671-8
https://doi.org/10.25664/art-0226
https://doi.org/10.2478/som-1999-0002

102 Mohammad Javad Pourmoghaddam et al. / MycoKeys 93: 81-105 (2022)

Gray SF (1821) A natural arrangement of British plants. Baldwin, Cradock, and Joy.

Hall TA (1999) BioEdit: A user-friendly biological sequence alignment editor and analysis pro-
gram for Windows 95/98/NT. Nucleic Acids Symposium Series 41: 95-98.

Hashemi SA, Khodaparast SA, Zare R, Elahinia SA (2014) Contribution to the identification
of Xylaria species in Iran. Rostaniha 15(2): 153—166. https://doi.org/10.22092/BOTA-
NY.2014.101239

Hashemi SA, Zare R, Khodaparast SA, Elahinia SA (2015) A new Xylaria species from Iran.
Mycologia Iranica 2(1): 1-10. https://doi.org/10.22043/M1.2015.13603

Helaly SE, Thongbai B, Stadler M (2018) Diversity of biologically active secondary metabolites
from endophytic and saprotrophic fungi of the ascomycete order Xylariales. Natural Prod-
uct Reports 35(9): 992-1014. https://doi.org/10.1039/C8NP00010G

Hsieh HM, Lin CR, Fang MJ, Rogers JD, Fournier J, Lechat C, Ju YM (2010) Phylogenetic
status of Xylaria subgenus Pseudoxylaria among taxa of the subfamily Xylarioideae (Xylari-
aceae) and phylogeny of the taxa involved in the subfamily. Molecular Phylogenetics and
Evolution 54(3): 957-969. https://doi.org/10.1016/j.ympev.2009.12.015

Hyde KD, Norphanphoun C, Maharachchikumbura SSN, Bhat DJ, Jones EBG, Bundhun
D, Chen Y], Bao DE Boonmee S, Calabon MS, Chaiwan N, Chethana KWT, Dai DQ,
Dayarathne MC, Devadatha B, Dissanayake AJ, Dissanayake LS, Doilom M, Dong W, Fan
XL, Goonasekara ID, Hongsanan S, Huang SK, Jayawardena RS, Jeewon R, Karunarathna
A, Konta S, Kumar V, Lin CG, Liu JK, Liu NG, Luangsa-ard J, Lumyong S, Luo ZL,
Marasinghe DS, McKenzie EHC, Niego AGT, Niranjan M, Perera RH, Phukhamsakda C,
Rathnayaka AR, Samarakoon MC, Samarakoon SMBC, Sarma VV, Senanayake IC, Shang
QJ, Stadler M, Tibpromma S, Wanasinghe DN, Wei DB, Wijayawardene NN, Xiao YD, Yang
J, Zeng XY, Zhang SN, Xiang MM (2020) Refined families of Sordariomycetes. Mycosphere
: Journal of Fungal Biology 11(1): 305-1059. https://doi.org/10.5943/mycosphere/11/1/7

Jaklitsch WM, Voglmayr H (2011) Phylogenetic relationships of five genera of Xylariales
and Rosasphaeria gen. nov. (Hypocreales). Fungal Diversity 52(1): 75-98. https://doi.
org/10.1007/s13225-011-0104-2

Jaklitsch WM, Gardiennet A, Voglmayr H (2016) Resolution of morphology-based taxonomic
delusions: Acrocordiella, Basiseptospora, Blogiascospora, Clypeosphaeria, Hymenopleella, Lep-
teutypa, Pseudapiospora, Requienella, Seiridium and Strickeria. Persoonia 37(1): 82-105.
https://doi.org/10.3767/003158516X690475

JuYM, Rogers JD (2002) The genus Nemania (Xylariaceae). Nova Hedwigia 74(1-2): 75-120.
https://doi.org/10.1127/0029-5035/2002/0074-0075

Katoh K, Rozewicki J, Yamada KD (2019) MAFFT online service: Multiple sequence align-
ment, interactive sequence choice and visualization. Briefings in Bioinformatics 20(4):
1160-1166. https://doi.org/10.1093/bib/bbx108

Koukol O, Kelnarova I, Cerny K (2015) Recent observations of sooty bark disease of sycamore
maple in Prague (Czech Republic) and the phylogenetic placement of Cryprostroma corti-
cale. Forest Pathology 45(1): 21-27. https://doi.org/10.1111/efp.12129

Li QR, Kang JC, Hyde KD (2015) Two new species of the genus Collodiscula (Xylariaceae)
from China. Mycological Progress 14(7): 52. https://doi.org/10.1007/s11557-015-1075-6

Liicking R, Aime MC, Robbertse B, Miller AN, Ariyawansa HA, Aoki T, Cardinali G, Crous
PW, Druzhinina IS, Geiser DM, Hawksworth DL, Hyde KD, Irinyi L, Jeewon R, Johnston


https://doi.org/10.22092/BOTANY.2014.101239
https://doi.org/10.22092/BOTANY.2014.101239
https://doi.org/10.22043/MI.2015.13603
https://doi.org/10.1039/C8NP00010G
https://doi.org/10.1016/j.ympev.2009.12.015
https://doi.org/10.5943/mycosphere/11/1/7
https://doi.org/10.1007/s13225-011-0104-2
https://doi.org/10.1007/s13225-011-0104-2
https://doi.org/10.3767/003158516X690475
https://doi.org/10.1127/0029-5035/2002/0074-0075
https://doi.org/10.1093/bib/bbx108
https://doi.org/10.1111/efp.12129
https://doi.org/10.1007/s11557-015-1075-6

Nemania (Xylariaceae) in Iran 103

PR, Kirk PM, Malosso E, May TW, Meyer W, Opik M, Robert V, Stadler M, Thines M, Vu
D, Yurkov AM, Zhang N, Schoch CL (2020) Unambiguous identification of fungi: Where
do we stand and how accurate and precise is fungal DNA barcoding? IMA Fungus 11(1):
14. https://doi.org/10.1186/s43008-020-00033-z

Miller JH (1961) A Monograph of the World Species of Hypoxylon. A Monograph of the World
Species of Hypoxylon. University of Georgia Press, Athens, [xii +] 158 pp.

Peldez E, Gonzdlez V, Platas G, Sdnchez-Ballesteros J, Rubio V (2008) Molecular phylogenetic stud-
ies within the Xylariaceae based on ribosomal DNA sequences. Fungal Diversity 31: 111-134.

Petrini LE, Rogers JD (1986) A summary of the Hypoxylon serpens complex. Mycotaxon 26:
401-436.

Pi YH, Long SH, Wu YR, Liu LL, Lin Y, Long QD, Kang JC, Kang YQ, Chang CR, Shen XC,
Wijayawardene NN, Zhang X, Li QR (2021) A taxonomic study of Nemania from China,
with six new species. MycoKeys 83: 39—67. https://doi.org/10.3897/mycokeys.83.69906

Pourmoghaddam M], Khodaparast SA, Krisai-Greilhuber I, Voglmayr H, Stadler M (2018)
Two new species and one new record of Kretzschmaria (Ascomycota, Xylariales) from Iran.
Mycosphere : Journal of Fungal Biology 9(6): 1197-1208. https://doi.org/10.5943/myco-
sphere/9/6/9

Pourmoghaddam M], Ekiz G, Lambert C, Surup E Primahana G, Wittstein K, Khodapar-
ast SA, Voglmayr H, Krisai-Greilhuber I, Stradal TEB, Stadler M (2022) Studies on the
secondary metabolism of Rosellinia and Dematophora strains (Xylariaceae) from Iran.
Mycological Progress 21(8): 65. https://doi.org/10.1007/s11557-022-01816-x

Pouzar Z (1985a) Reassessment of Hypoxylon serpens-complex I. Ceskd Mykol. 39: 15-25.

Pouzar Z (1985b) Reassessment of the Hypoxylon serpens-complex II. Ceskd Mykol. 39: 129-134.

Samarakoon MC, Hyde KD, Maharachchikumbura SSN, Stadler M, Gareth Jones EB, Prom-
puttha I, Suwannarach N, Camporesi E, Bulgakov TS, Liu J-K (2022) Taxonomy, phy-
logeny, molecular dating and ancestral state reconstruction of Xylariomycetidae (Sordari-
omycetes). Fungal Diversity 112(1): 1-88. https://doi.org/10.1007/s13225-021-00495-5

Senanayake IC, Maharachchikumbura SSN, Hyde KD, Bhat JD, Jones EBG, McKenzie EHC,
Dai DQ, Daranagama DA, Dayarathne MC, Goonasekara ID, Konta S, Li W], Shang
QJ, Stadler M, Wijayawardene NN, Xiao YP, Norphanphoun C, Li Q, Liu XZ, Bahkali
AH, Kang JC, Wang Y, Wen TC, Wendt L, Xu JC, Camporesi E (2015) Towards unrave-
ling relationships in Xylariomycetidae (Sordariomycetes). Fungal Diversity 73(1): 73—-144.
hteps://doi.org/10.1007/s13225-015-0340-y

Senn-Irlet B, Blaser S, Dougoud R, Stéckli E, Gross A, Miirner R (2021) Ascomyceten der
Schweiz — seltene und wenig dokumentierte Arten. Cryptogamica Helvetica 23: 1-431.

Silvestro D, Michalak I (2012) raxmlGUI: A graphical front-end for RAXML. Organisms,
Diversity & Evolution 12(4): 335-337. https://doi.org/10.1007/s13127-011-0056-0

Sir E, Lambert C, Wendt L, Hladki Al, Romero Al, Stadler M (2016) A new species of Dal-
dinia (Xylariaceae) from the Argentine subtropical montane forest. Mycosphere : Journal
of Fungal Biology 7(9): 378-1388. https://doi.org/10.5943/mycosphere/7/9/11

Sowerby J (1803) Coloured figures of English fungi or mushrooms, vol. 3. R. Wilks, London.

Stadler M, Hellwig V (2005) Chemotaxonomy of the Xylariaceae and remarkable bioactive
compounds from Xylariales and their associated asexual stages. Recent Res Devel Phyto-

chem 9: 41-93.


https://doi.org/10.1186/s43008-020-00033-z
https://doi.org/10.3897/mycokeys.83.69906
https://doi.org/10.5943/mycosphere/9/6/9
https://doi.org/10.5943/mycosphere/9/6/9
https://doi.org/10.1007/s11557-022-01816-x
https://doi.org/10.1007/s13225-021-00495-5
https://doi.org/10.1007/s13225-015-0340-y
https://doi.org/10.1007/s13127-011-0056-0
https://doi.org/10.5943/mycosphere/7/9/11

104 Mohammad Javad Pourmoghaddam et al. / MycoKeys 93: 81-105 (2022)

Stadler M, Fournier J, Lessoe T, Lechat C, Tichy H-V, Piepenbring M (2008) Recognition of
hypoxyloid and xylarioid Entonaema species and allied Xylaria species from a comparison
of holomorphic morphology, HPLC profiles, and ribosomal DNA sequences. Mycological
Progress 7(1): 53-73. https://doi.org/10.1007/s11557-008-0553-5

Stadler M, Kuhnert E, PerSoh D, Fournier J (2013) The Xylariaceae as model example for a
unified nomenclature following the “one fungus-one name” (1F1N) concept. Mycology 4:
5-21. https://doi.org/10.1080/21501203.2013.782478

Stadler M, Laessoe T, Fournier J, Decock C, Schmieschek B, Tichy HV, Persoh DA (2014)
polyphasic taxonomy of Daldinia (Xylariaceae). Studies in Mycology 77: 1-143. https://
doi.org/10.3114/sim0016

Stadler M, Lambert C, Wibberg D, Kalinowski J, Cox R]J, Kolattk M, Kuhnert E (2020)
Intragenomic polymorphisms in the ITS region of high-quality genomes of the Hy-
poxylaceae (Xylariales, Ascomycota). Mycological Progress 19(3): 235-245. https://doi.
org/10.1007/s11557-019-01552-9

Stamatakis A (2006) RAXML-VI-HPC: Maximum likelihood-based phylogenetic analyses
with thousands of taxa and mixed models. Bioinformatics 22(21): 2688-2690. https://
doi.org/10.1093/bioinformatics/btl446

Tang A, Jeewon R, Hyde KD (2007) Phylogenetic relationships of Nemania plumbea sp. nov.
and related taxa based on ribosomal ITS and RPB2 sequences. Mycological Research
111(4): 392—402. https://doi.org/10.1016/j.mycres.2007.01.009

Tang A, Jeewon R, Hyde KD (2009) A re-evaluation of the evolutionary relationships within
the Xylariaceae based on ribosomal and protein-coding gene sequences. Fungal Diversity
34: 127-155.

Tibpromma S, Daranagama DA, Boonmee S, Promputtha I, Nontachaiyapoom S, Hyde KD
(2017) Anthostomelloides krabiensis gen. et sp. nov. (Xylariaceae) from Pandanus odorifer
(Pandanaceae). Turkish Journal of Botany 40: 107-116. https://doi.org/10.3906/bot-
1606-45

Tibpromma S, Zhang L, Karunarathna SC, Du TY, Phukhamsakda C, Rachakunta M, Suwan-
narach N, Xu J, Mortimer PE, Wang YH (2021) Volatile constituents of endophytic fungi
isolated from Aguilaria sinensis with descriptions of two new species of Nemania. Life
(Chicago, Ill.) 11(4): 363. https://doi.org/10.3390/life1 1040363

Voglmayr H, Beenken L (2020) Linosporopsis, a new leaf-inhabiting scolecosporous genus in
Xylariaceae. Mycological Progress 19(3): 205-222. https://doi.org/10.1007/s11557-020-
01559-7

Voglmayr H, Friebes G, Gardiennet A, Jaklitsch WM (2018) Barrmaelia and Entosordaria
in Barrmaeliaceae (fam. nov., Xylariales), and critical notes on Anthostomella-like genera
based on multi-gene phylogenies. Mycological Progress 17(1-2): 155-177. https://doi.
org/10.1007/s11557-017-1329-6

Voglmayr H, Tello S, Jaklitsch WM, Friebes G, Baral HO, Fournier J (2022) About spirals
and pores: Xylariaceae with remarkable germ loci. Persoonia 49: 58-98. https://doi.
org/10.3767/persoonia.2022.49.02

Wendt L, Sir EB, Kuhnert E, Heitkdmper S, Lambert C, Hladki Al, Romero Al, Luangsa-
ard JJ, Srikitikulchai P, PerSoh D, Stadler M (2018) Resurrection and emendation of the


https://doi.org/10.1007/s11557-008-0553-5
https://doi.org/10.1080/21501203.2013.782478
https://doi.org/10.3114/sim0016
https://doi.org/10.3114/sim0016
https://doi.org/10.1007/s11557-019-01552-9
https://doi.org/10.1007/s11557-019-01552-9
https://doi.org/10.1093/bioinformatics/btl446
https://doi.org/10.1093/bioinformatics/btl446
https://doi.org/10.1016/j.mycres.2007.01.009
https://doi.org/10.3906/bot-1606-45
https://doi.org/10.3906/bot-1606-45
https://doi.org/10.3390/life11040363
https://doi.org/10.1007/s11557-020-01559-7
https://doi.org/10.1007/s11557-020-01559-7
https://doi.org/10.1007/s11557-017-1329-6
https://doi.org/10.1007/s11557-017-1329-6
https://doi.org/10.3767/persoonia.2022.49.02
https://doi.org/10.3767/persoonia.2022.49.02

Nemania (Xylariaceae) in Iran 105

Hypoxylaceae, recognized from a multigene phylogeny of the Xylariales. Mycological Pro-
gress 17(1-2): 115-154. hteps://doi.org/10.1007/s11557-017-1311-3

Whalley AJS, Edwards RL (1995) Secondary metabolites and systematic arrangement within
the Xylariaceae. Canadian Journal of Botany 73(S1): 802-810. https://doi.org/10.1139/
b95-325

Wibberg D, Stadler M, Lambert C, Bunk B, Sproer C, Riickert C, Kalinowski J, Cox RJ, Kuh-
nert E (2020) High quality sequences of thirteen Hypoxylaceae (Ascomycota) strengthen
the phylogenetic family backbone and enable the discovery of new taxa. Fungal Diversity
106(1): 7-28. https://doi.org/10.1007/s13225-020-00447-5

Wittstein K, Cordsmeier A, Lambert C, Wendt L, Sir EB, Weber J, Wurzler N, Petrini LE,
Stadler M (2020) Identification of Rosellinia species as producers of cyclodepsipeptide
PF1022 A and resurrection of the genus Dematophora as inferred from polythetic tax-
onomy. Studies in Mycology 96: 1-16. https://doi.org/10.1016/j.simyc0.2020.01.001

Zhang N, Castlebury LA, Miller AN, Huhndorf SM, Schoch CL, Seifert KA, Rossman AY,
Rogers JD, Kohlmeyer J, Volkmann-Kohlmeyer B, Sung G-H (2006) An overview of the
systematics of the Sordariomycetes based on a four-gene phylogeny. Mycologia 98(6):
1076-1087. https://doi.org/10.1080/15572536.2006.11832635

Supplementary material |

Alignment

Authors: Mohammad Javad Pourmoghaddam, Christopher Lambert, Hermann Vogl-

mayr, Seyed Akbar Khodaparast, Irmgard Krisai-Greilhuber, Marc Stadler

Data type: Nex file.

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODDL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/mycokeys.93.94148.suppl1


https://doi.org/10.1007/s11557-017-1311-3
https://doi.org/10.1139/b95-325
https://doi.org/10.1139/b95-325
https://doi.org/10.1007/s13225-020-00447-5
https://doi.org/10.1016/j.simyco.2020.01.001
https://doi.org/10.1080/15572536.2006.11832635
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/mycokeys.93.94148.suppl1

	Note on the genus Nemania (Xylariaceae) – first records and a new species of the genus from Iran
	Abstract
	Introduction
	Materials and methods
	Morphological observation
	DNA extraction, PCR and sequencing
	Phylogenetic analyses

	Results
	Molecular phylogeny
	Taxonomy
	Nemania hyrcana Pourmoghaddam, Voglmayr & Khodaparast, sp. nov.
	Nemania serpens (Pers.) Gray, Nat. Arr. Brit. Pl. (London) 1: 516 (1821).
	Nemania diffusa (Sowerby) S.F. Gray, Nat. Arr. Brit. Pl. (London) 1: 517 (1821).

	Discussion
	Acknowledgements
	References

